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Resumen.— Las lagartijas de escamas granulares (familia Xenosauridae) comprenden un clado de escamados norteamericanos 
especializados a la vida en grietas, con una tendencia hacia temperaturas corporales bajas y altas tasas de pérdida de agua, y son 
a menudo consideradas termoconformistas. No obstante, existen pocos estudios sobre la ecología térmica de estas lagartijas, la 
mayoría de estos limitados a documentar las temperaturas corporales y su relación con las temperaturas ambientales. En este 
trabajo, documentamos las temperaturas corporales en campo (Tb), las temperaturas seleccionadas en condiciones de laboratorio 
(Tset), las temperaturas operativas (Te), la eficiencia en la termorregulación y las tolerancias térmicas de 10 individuos de Lagartijas 
de Escamas Granulares de Newman, Xenosaurus newmanorum, recolectados en otoño de 2017 en la región de La Huasteca Potosina, 
México. El promedio de Tb fue de 22.75 °C y el de Tset de 25.08 °C (1.64 °C y 3.97 °C por encima del promedio de Te, respectivamente). 
La especie en cuestión tuvo un intervalo de tolerancia térmica relativamente estrecho (25.89 °C). Además, con base en dos índices de 
termorregulación, encontramos evidencia directa de termorregulación activa en X. newmanorum. En este estudio documentamos el 
primer registro de termorregulación activa en un xenosáurido de un entorno de baja elevación y el segundo registro de tolerancias 
térmicas. Aunque se requiere de trabajo de campo y laboratorio más exhaustivos a fin de verificar este patrón, nuestros resultados 
son consistentes con estudios previos y sugieren que la termorregulación activa podría estar más extendida en el género de lo que 
previamente se suponía. 

Palabras clave.— temperatura corporal seleccionada, temperatura máxima voluntaria, termorregulación activa, tolerancia térmica 
crítica, Xenosauridae.
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Abstract.— The knob-scaled lizards (family Xenosauridae) comprise a clade of crevice-dwelling North American lizards with a trend 
towards low body temperature and high rates of water loss, and are often regarded as thermoconformers. However, there are few 
studies on their thermal ecology, most of them limited to documenting the body temperatures and their relation with environmental 
temperatures. Here, we documented the field body temperatures (Tb), selected temperatures (Tset), operative temperatures (Te), 
thermoregulatory effectiveness, and thermal tolerances of 10 individuals of Newman’s Knob-scaled Lizards, Xenosaurus newmanorum, 
collected in the fall of 2017 in La Huasteca region of Mexico. Mean Tb was 22.75 °C and mean Tset 25.08 °C (1.64 °C and 3.97 °C above 
mean Te, respectively). The species had a relatively narrow thermal tolerance range (25.89 °C). Furthermore, based on two different 
thermoregulatory indexes, we found direct evidence of active thermoregulation in this sample of X. newmanorum. This constitutes 
the first record of active thermoregulation in a xenosaurid from a low-elevation environment and the second record of thermal 
tolerances. Although more extensive field and laboratory work is needed to verify this pattern, our results are consistent with 
previous studies suggesting that active thermoregulation might be more widespread in the genus than previously thought.

Keywords.—  active thermoregulation, critical thermal tolerances, selected body temperature, voluntary thermal maximum, 
Xenosauridae.

properly evaluated only for two species of knob-scaled lizards 
(Woolrich-Piña et al., 2012; Berriozabal-Islas, 2018). Given that 
thermal traits such as selected temperatures, thermal tolerances 
and the degree of thermoconformity or thermoregulation have 
direct implications on the vulnerability of ectotherms to habitat 
modification and climate change (Nowakowski et al., 2018; 
Arenas-Moreno et al., 2021), their quantification might provide 
valuable clues to the assessment of extinction risk, particularly 
for threatened and range-restricted species, as is the case of 
most species of Xenosaurus (Wilson et al., 2013; García-Padilla et 
al., 2020). 

Newman’s Knob-scaled Lizards (Xenosaurus newmanorum) 
are crevice specialist lizards whose distribution is restricted to 
the areas with subtropical and secondary vegetation (coffee and 
citrus plantations) of Xilitla, San Luis Potosí, and Pisaflores, 
Hidalgo, at elevations between 390 and 880 m a.s.l. (Lemos-
Espinal et al., 1998; Lemos-Espinal et al., 2012; Lara-Tufiño et al., 
2013). As well as most of its congeners, this species inhabits very 
shaded environments, where achievement of high temperatures 
might be difficult (Lemos-Espinal et al., 1998). Also, it has been 
shown to present relatively high rates of evaporative water loss, 
compared to other mesic environment lizards (Muñoz-Nolasco 
et al., 2019). This species is listed as endangered according to 
the International Union for Conservation of Nature (IUCN; 
Lavin & Mendoza, 2007), under special protection in the 
Mexican Endangered Species Act (NOM-059-SEMARNAT-2010 
and its 2019 amendment to the Normative Appendix III; DOF, 
2010, 2019), and is placed in the high vulnerability category 
according to Wilson et al. (2013), with an Environmental 
Vulnerability Score of 15. Lemos-Espinal et al. (1998) already 
provided data on the thermal ecology of this species (body and 
microhabitat temperatures) from the area of Xilitla, San Luis 

INTRODUCTION 

Lizards of the genus Xenosaurus are characterized by their 
flattened morphology, crevice-dwelling habits, reduced 
distributional ranges, and low vagility (Zamora-Abrego & 
Ortega-León, 2016). Most of the 18 currently recognized species 
(12 described + six undescribed taxa; Nieto-Montes de Oca et 
al., 2017) are found in densely covered habitats, such as cloud 
forests and tropical rainforests, where canopy tend to limit 
the incidence of solar radiation and thus the opportunities 
for thermal regulation (Berriozabal-Islas et al., 2018). The 
genus Xenosaurus is considered a practically tigmotherm and 
thermoconformer clade with a trend towards low thermal body 
temperatures (Lemos-Espinal et al., 1998; Vitt & Caldwell, 2014; 
García-Rico et al., 2015). However, some species in the genus 
(e.g. X. phalaroanthereon, X. mendozai, and X. rectocollaris) are 
known to present differences between body and environmental 
temperatures (Lemos-Espinal et al., 1996; Lemos-Espinal et 
al., 2004; Lemos-Espinal & Smith, 2005; Woolrich-Piña et al., 
2012), which may reflect the thermal pressures exerted by the 
environment, as these lizards occur in high elevation habitats 
with low canopy coverage (Lemos-Espinal & Smith, 2005; 
Woolrich-Piña et al., 2012). These thermally heterogeneous 
habitats may provide greater thermoregulation opportunities 
because they offer a wide range of temperatures to choose at 
microhabitat level (Hertz et al., 1993). 

At this time, most studies on the thermoregulation of members 
of the genus Xenosaurus have limited to characterize their body 
temperatures and its relation with environmental temperatures, 
while the thermal tolerances of these lizards remain largely 
unstudied (Clusella-Trullas & Chown, 2013; Berriozabal-Islas, 
2018). Likewise, effectiveness of thermoregulation has been 
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Potosí. More recently, Berriozabal-Islas (2018) calculated some 
thermoregulatory indexes for another population at the locality 
of Pisaflores, Hidalgo, finding a thermoconformer pattern. 
Here, we studied a small sample of X. newmanorum from Xilitla, 
San Luis Potosí, to test whether the species might be able to 
actively thermoregulate and to determine its thermal tolerances 
(critical thermal minimum and maximum; voluntary thermal 
maximum). Given the dense canopy cover of its habitat that 
limits solar radiation and hence produces relatively low and 
stable temperatures (Lemos-Espinal et al., 1998), we expected 
X. newmanorum to show some degree of active thermoregulation 
and to be stenothermal (i.e. have a narrow tolerance range). 

MATERIALS AND METHODS 

From 8 to 13 October 2017, we collected 10 individuals (four males 
and six females) of X. newmanorum (mean snout-vent length = 
100.27 mm, SD = 13.59 mm, 62.9 – 110.6 mm) in an area of 
secondary tropical evergreen forest and coffee plantations in the 
municipality of Xilitla, San Luis Potosí, Mexico (21.380° N, 98.987° 
W, 687 m elev.; Fig. 1). Mean annual temperature at the study site 
is 22.5 °C, with a maximum temperature of the warmest month 
of 33.3 °C, a minimum temperature of the coldest month of 10.4 
°C, and a mean annual precipitation of 2260 mm (data obtained 
through WorldClim version 2 at 2.5’ resolution; Fick & Hijmans, 
2017). We caught only active individuals (as determined by 
exposure of their heads outside the crevices) aided by a malleable 
metal wire with which we gently removed lizards from their 
crevices. As we did not take more than 60 seconds in removing 

each lizard, and given that we did not directly handle them when 
inside the crevice, it is unlikely that capture has influenced the 
body temperature of the organisms. Immediately after capturing 
the lizards, we recorded their body (cloacal) temperature (Tb) 
with a digital readout thermometer Fluke® 51-II with a type 
T thermocouple (± 0.1 °C), air temperature (Ta) at 3 cm above 
substrate, and substrate temperature (Ts) inside the crevice at 
the depth at which we first spotted the organism (Woolrich-Piña 
et al., 2006). We determined the relationship between Tb and Ta 
and Ts through simple linear regressions (Lemos-Espinal et al., 
1998; García-Rico et al., 2015; Cardona-Botero et al., 2019). 

We also recorded environmental operative temperatures (Te), 
which are the temperatures that organisms would experience in 
the field in the absence of thermoregulatory behavior (Bakken, 
1992; Dzialowski, 2005). In order to do that, we first performed a 
calibration of models intended to emulate the rates of heat gain 
and loss. For this, we subjected an adult individual (immobilized 
with medical tape) along with a set of four candidate models 
made of polyvinyl chloride (PVC) pipes varying in shape, size, and 
color to alternating 10-minutes periods of artificial incandescent 
light and shade for an hour in a lab setting (Arenas-Moreno et 
al., 2021). We recorded temperatures every two seconds using an 
Omega TC-8 data logger with T-type ultrathin thermocouples, 
one affixed with medical tape to the belly of the lizard and 
other four connected to the inside of each of the candidate 
models. Then, we performed a simple linear regression using 
the temperature recordings of each candidate model against the 
temperature of the lizard and chose the model with the highest 

Figura 1. Individuo de Xenosaurus newmanorum (A) y su hábitat en Xilitla, San Luis Potosí, México (B). Fotos: Adán Bautista-del Moral. 

Figure 1. Individual of Xenosarus newmanorum (A) and its habitat in Xilitla, San Luis Potosí, Mexico (B). Photos: Adán Bautista-del Moral.
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significant determination coefficient (Bakken, 1992; Dzialowski, 
2005). The best model (r2 = 0.87, F1, 1390 = 9652.8, P < 0.001) 
consisted of a heat-flattened, gray-painted pipe 7 cm length, 2.7 
cm width, and 1.5 cm height. We coupled two calibrated models 
to each of three data loggers HOBO® U12-006 and placed them 
at different levels of exposure in crevices were we previously 
found individuals of X. newmanorum. We set data loggers to 
record Te every 10 minutes along the observed activity period of 
the species (09:00 to 17:00 h) during the five days of fieldwork 
(~40 h). 

We transported the collected lizards to proper facilities near 
the study site to continue with the experiments and placed them 
in individual plastic terraria (16 × 16 × 7 cm) with peat moss 
and rocks for two days prior to the onset of the experimental 
procedure, with no food but access to water ad libitum (Lara-
Resendiz et al., 2013). To measure the selected temperatures 
(Tset), we build a thermal gradient made of panels of cellular 
polycarbonate (130 × 100 × 50 cm), at the bottom of which we 
scattered peat moss and stacked natural flagstones from the 
study site, in order to provide shelter along the gradient and 
emulate habitat conditions. At one extreme of the enclosure, 
we suspended four 100 W incandescent lightbulbs 30 cm above 
it, and at the other extreme we placed refrigerating gel bags, 
providing a gradient of temperatures ranging from ~10 to 38 °C 
(Arenas-Moreno et al., 2018, 2020). Although knob-scaled lizards 
are primarily tigmothermal and hence exposure to direct light 
might affect the selection of temperatures inside the gradient, 
the arrangement of the flagstones limited the incidence of 
artificial light while allowing their heating at that extreme. We 
carried out a gradient experiment the day following the capture 
of the individuals, registering Tset at one-hour intervals from 
09:00 to 17:00 h (the observed daily activity period of the species; 
pers. obs.) with one hour of previous habituation (Lara-Resendiz 
et al., 2013; Arenas-Moreno et al., 2018; Caetano et al., 2020). 

From the data of Tb, Te, and the first and third quartiles 
of the Tset data (Tset range), we calculated the accuracy of 
thermoregulation (db), the thermal quality of habitat (de), 
and the effectiveness of thermoregulation indexes proposed 
by Hertz et al. (1993) [E = 1 - (db/de)] and Blouin-Demers & 
Weatherhead (2001) (de – db). Low values of db and de indicate 
high accuracy of thermoregulation and high thermal quality of 
the habitat, respectively, while high values indicate the opposite. 
In the case of the thermoregulatory effectiveness indexes (E 
and de – db), positive values represent active thermoregulation, 
zero represents perfect thermoconformity, and negative values, 
a suboptimal exploitation of the thermal offer. However, 
whereas the Hertz et al. (1993) index is relative and goes from 

0 to 1, the Blouin-Demers & Weatherhead (2001) index is 
an open ended and absolute measure (in °C) of the extent of 
deviation from thermoconformity. Although the Blouin-Demers 
& Weatherhead (2001) has been regarded as a more reliable 
measure of thermoregulatory efficiency, we also provide the 
Hertz et al. (1993) index due to its widespread use (Taylor et al., 
2020). To assess the thermal tolerance of the species, we recorded 
the critical thermal minimum and maximum (CTmin and CTmax, 
respectively), which refer to the lowest and highest temperatures 
at which organisms lose their locomotor capabilities (loss of 
righting response within 10 s after placing them on their dorsum; 
Kaufmann & Bennett, 1989), as well as the voluntary thermal 
maximum (VTmax), which, as its name indicates, is defined as 
the highest temperature at which they avoid further heating 
(Carothers et al., 1997; Camacho et al., 2019). Unfortunately, we 
were not able to measure voluntary thermal minimum due to the 
lack of proper equipment. For the estimation of CTmin, we placed 
the lizards in a plastic container and this, in turn, in an ice-filled 
box, to gradually reduce its body temperature. 

For the estimation of VTmax, we placed each individual (Tb 
~24 °C) in a transparent, uncovered plastic container for ~3 min 
until it remained calm. Then, we turned on a 150 W light bulb 
suspended 30 cm above the container and watched carefully the 
lizard at a 2 m distance until it started trying to evade the heat 
source and escaping from the container, moment at which we 
recorded its Tb as VTmax. Immediately after this, we returned the 
individual to the same container to keep gradually heating it 
until reaching its CTmax, based on the same criterion of loss of 
righting response (Arenas-Moreno et al., 2021). Organisms were 
promptly and gradually brought closer to their Tset after reaching 
their critical thermal points, so that no permanent negative 
effect was inflicted to them. We carried out the thermal tolerance 
experiments on the day following the gradient experiment and 
similarly performed the cold tolerance (CTmin) and heat tolerance 
(VTmax and CTmax) experiments ~24 h apart, with half the sample 
being subjected first to the cold tolerance and the other half to 
the heat tolerance experiments. After finishing the experimental 
procedure, we verified all the organisms have recovered from the 
tests and then released them back to their respective crevices in 
the field.  

RESULTS

The thermal traits of the sample of X. newmanorum here 
documented are summarized in Table 1, along with traits of 
other members of the genus documented in the literature. 
Throughout the text, values are presented as mean ± standard 
error (minimum value – maximum value). For the organisms 
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Species Tb (°C) Tset (°C)
Tset 

25–75% 
(°C) 

Veg. Elev. (m) E de – db 
(°C) References 

X. agrenon 25.6 ± 0.3 ND ND 
TDF/OF/
PF/ POF 

1000 – 1470 ND ND Lemos-Espinal et al. (2003) 

X. fractus 19.12 ± 0. 53 ND ND POF 1900 – 2170 ND ND Cardona-Botero et al. (2019) 

X. fractus 19.67 ± 0.39 21.69 ND CF/POF 1700 ND ND Woolrich-Piña et al. (2020) 

X. grandis 21.4 ± 0.19 ND ND CF/AP 1050 – 1150 ND ND Cardona-Botero et al. (2019) 

X. mendozai 20.6 ± 0.4 ND ND OF 1180 ND ND Lemos-Espinal et al. (2004) 

X. mendozai 23.39 22.18 ? ? ? 0 -0.72 Berriozabal-Islas (2018) 

X. newmanorum 22.9 ± 0.2 ND ND  TEF/AP ND ND ND Lemos-Espinal et al. (1998) 

X. newmanorum 21.6 ± 0.3 ND ND TEF 389 ND ND Lara-Tufiño et al. (2013) 

X. newmanorum 19.3 ± 0.9 ND ND AP/TEF 825 ND ND Lara-Tufiño et al. (2013) 

X. newmanorum 24.8 ± 0.3 ND ND AP/TEF 880 ND ND Lara-Tufiño et al. (2013) 

X. newmanorum 23 24.65 ? TEF ? 0.4 ND Berriozabal-Islas (2018) 

X. newmanorum 22.75 ± 0.43 25.08 ± 0.290 23 – 26.6 TEF/AP 687 0.68 1.3 This study 

X. phalaroanthereon 20.3 ± 0.4 ND ND OF 2185 ND ND Lemos-Espinal & Smith (2005) 

X. rectocollaris 23.2 ± 0.3 30.4 26 –33.4 XS 2100 – 2400 
0.52 (0.42 

– 0.62 
ND Woolrich-Piña et al. (2012) 

X. tzacualtipantecus 18.09 ± 0.24 ND ND TEF 1900 ND ND García-Rico et al. (2015) 

X. tzacualtipantecus 18.26 24.06 ? ? ? 0.4 2.83 Berriozabal-Islas (2018)

Tabla 1. Temperaturas corporales en campo (Tb), temperaturas seleccionadas (promedio de Tset y Tset 25–75%) y eficiencia en la termorregulación (E; sensu Hertz et al., 1993, y de – db, 

sensu Blouin-Demers & Weatherhead, 2001) de las especies de Xenosaurus documentadas en la literatura. Se muestran también el tipo de vegetación (Veg.) y la altitud (Elev.) en cada localidad. 

La información de X. newmanorum aquí documentada se indica en negritas. ND = sin datos. Tipo de vegetación: AP = plantaciones agrícolas; CF: bosque mesófilo; OF = bosque de encino; PF = 

bosque de pino; POF = bosque de pino-encino; TDF = bosque tropical caducifolio; TEF = bosque tropical perennifolio; XS = matorral xerófilo. Los datos de X. mendozai de Lemos-Espinal (2004) 

fueron referidos previamente como X. platyceps y luego reasignados de acuerdo con Nieto-Montes de Oca et al. (2013). Los valores de temperatura se presentan como promedio ± EE. El signo 

de interrogación (?) representa información no especificada.

Table 2. Field body temperatures (Tb), selected body temperatures (mean  Tset and  Tset25–75%) and effectiveness of thermoregulation (E, sensu Hertz et al., 1993, and de – db, sensu Blouin-

Demers & Weatherhead, 2001) of the species of Xenosaurus documented in the literature. Vegetation type (Veg.) and elevation (Elev.) at each locality is also shown. Data of X. newmanorum 

herein documented is indicated in bolds. ND = no data. Vegetation type: AP = agricultural plantations; CF: cloud forest; OF = oak forest; PF = pine forest; POF = pine-oak forest; TDF = tropical 

dry forest; TEF = tropical evergreen forest; XS = xerophilous scrub. Data of X. mendozai from Lemos-Espinal et al. (2004) was formerly referred as X. platyceps and then reassigned according 

to Nieto-Montes de Oca et al. (2013). Temperature values are presented as mean ± SE. Question mark (?) represents non-specified data.
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of the population studied, Tb was lower than Tset and showed no 
significant relationship with Ta (F1,7 = 3.457, r2 = 0.331, P = 0.105) nor 
with Ts (F1,7 = 5.375, r2 = 0.434, P = 0.054). Most of the Te recorded 
(93.42%) were below the Tset range, while only 6.58% of Te matched 
the Tset range (Fig. 2). Consistent with this, X. newmanorum 
showed a relatively high accuracy of thermoregulation (db = 0.61 
°C) and a moderately low thermal quality of the habitat (de = 1.91 
°C), which together indicated active thermoregulation according 
to both thermoregulatory effectiveness indexes used (E = 0.68; 
de – db = 1.3 °C). The thermal tolerance range (CTmax – CTmin) of 
the species was 25.89 °C, with a CTmin of 9.78 ± 0.45 °C (7.2 – 11.4 

°C), a VTmax of 30.39 ± 0.41 °C (28.7 – 31.9 °C), and a CTmax of 35.67 
± 0.18 °C (34.9 – 36.8 °C). 

DISCUSSION 

Xenosaurus newmanorum exhibited a Tb similar to that of other 
species of Xenosaurus from tropical habitats (Table 1). However, 
conversely to what Lemos-Espinal et al. (1998) found, Tb was 
not significantly related to Ta nor Ts. Although this may be due 
to the small sample size of our study, it also may reflect active 
thermoregulation, but, as discussed below, cannot be regarded 

Figura 2. Distribución de las temperaturas operativas (Te) de Xenosaurus newmanorum en su hábitat en Xilitla, San Luis Potosí. El área sombreada representa el intervalo de temperaturas 

seleccionadas (Tset 25-75%); la línea verde, el promedio de temperatura corporal en campo (Tb); la línea azul discontinua, la temperatura crítica mínima (CTmin); la línea roja continua, la 

temperatura máxima voluntaria (VTmax), y la línea roja discontinua, la temperatura crítica máxima (CTmax). Se muestra también el porcentaje de temperaturas operativas por debajo, dentro y 

por encima de Tset 25-75%. 

Figure 2. Distribution of operative temperatures (Te) of Xenosaurus newmanorum in its habitat at Xilitla, San Luis Potosí. Shaded area represents the range of selected temperatures (Tset 

25–75%); green line, the mean field body temperature (Tb); blue dashed line, the critical thermal minimum(CTmin); solid red line, the voluntary thermal maximum  (VTmax), and red dashed line, the 

critical thermal maximum  (CTmax). It is also showed the percentage of Te below, within, and above  Tset 25–75%.
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per se as a conclusive proof of this pattern. Also, its Tb and Tset are 
consistent with previous data for this species (Lemos-Espinal et 
al., 1998; Berriozabal-Islas, 2018). Among species of the genus, 
X. fractus and X. rectocollaris have the lowest and highest Tset, 
respectively (Woolrich-Piña et al., 2012; Woolrich-Piña et al., 
2020), with X. newmanorum being halfway on this parameter. 

Based on the scarce information available on the thermal 
ecology of knob-scaled lizards, it seems that most Xenosaurus 
species live in environments that offer temperatures below their 
Tset range (Woolrich-Piña et al., 2012; Berriozabal-Islas, 2018). 
In other crevice-dwelling lizards, such as some members of the 
genera Lepidophyma and Xantusia, a low thermal quality of the 
habitat has been linked to a shift towards active thermoregulation 
(Arenas-Moreno et al., 2018, 2021). Therefore, our results 
suggesting active thermoregulation in X. newmanorum should 
not be unexpected but just a pattern consistent with the cost-
benefit model of thermoregulation (Huey & Slatkin, 1976). 

Previous studies claiming to find support for a 
thermoconformer pattern in Xenosaurus have relied on the 
relationship between field body and microhabitat temperatures 
(e. g. Lemos-Espinal et al., 1998; García-Rico et al., 2015; 
Cardona-Botero et al., 2019). However, this approach has 
been proven not to be a proper measure of where on the 
thermoconformer – thermoregulating continuum an ectotherm 
sits, as other biophysical factors, such as solar radiation, might 
influence body temperature, and as the relationship between 
body and microhabitat temperatures is non-linear (Dreisig, 
1984; Hertz et al., 1993). Nonetheless, comparisons between body 
and microhabitat temperatures, or even just body temperatures, 
have provided indirect indications for active thermoregulation 
in at least two species: X. phalaroanthereon, which is known to 
keep a Tb ≈ 5 °C above Ta and Ts (Lemos-Espinal & Smith, 2005), 
and X. rectocollaris in which pregnant females have higher body 
temperatures than non-pregnant females (Woolrich-Piña et 
al., 2012). These two species inhabit high elevation (>2000 m) 
thermally heterogeneous habitats, where low temperatures 
make thermoregulation an advantageous strategy. Xenosaurus 
newmanorum, on the other hand, is a lowland species, and hence it 
would be expected to be exposed to more favorable temperatures 
and to follow a thermoconformer pattern. But as our data shows, 
this species is mostly subjected to environmental temperatures 
below its Tset range, probably due to the dense canopy cover of 
its habitat, making active thermoregulation a more convenient 
strategy.  

Even the use of just one thermoregulatory index might yield 
a partial perspective of the thermal ecology of a given species, 

and could also lead to overlook proofs of active thermoregulation 
in seemingly non-thermoregulating ectotherms. For instance, 
Berriozabal-Islas (2018) calculated the Hertz et al. (1993; E) index 
for three species of Xenosaurus, finding a thermoconformer 
strategy. However, based on the db and de values provided by the 
author, and according to the Blouin-Demers and Weatherhead 
(2001; de – db) index, X. newmanorum (from Pisaflores) and X. 
tzacualtipantecus are both active and effective thermoregulators 
(Table 1). Given that the E index has been criticized for its 
mathematical assumptions and interpretability (Blouin-Demers 
& Weatherhead, 2001), the de – db index should be taken as a more 
conclusive measure of thermoregulation. Because of the afore 
mentioned, it seems plausible that active thermoregulation is 
more widespread than previously thought in Xenosaurus lizards. 

Our study is the second one to document thermal tolerances 
in knob-scaled lizards, after that of Berriozabal-Islas (2018). 
However, it is worth to mention that the referred author 
considered the organisms to reach their CTmax as the point when 
“they began to have an evasive behavior and tail whipping”. 
This criterion better matches the definition of voluntary 
thermal maximum (VTmax; Taylor et al., 2021), and while its use 
is understandable as a less stressing, less invasive approach, 
it should not be confused with CTmax. That said, our results of 
CTmin and VTmax are similar to those documented by Berriozabal-
Islas (2018) for X. mendozai (CTmin = 8.04 °C; VTmax = 32.95 °C), 
X. tzacualtipantecus (CTmin = 8.81 °C; VTmax = 32.26 °C), and the 
population of X. newmanorum from Pisaflores (CTmin = 7.51 °C; 
VTmax = 31.9 °C). The population herein studied showed a narrow 
thermal tolerance range compared to other lizard species (Grigg 
& Buckley, 2013), and based on the similarity of our results and 
the above referred, it is likely a trait shared by all members of the 
genus Xenosaurus. 

The observed degree of stenothermy of X. newmanorum 
is of upmost concern from a conservation perspective, as it 
implies an increased vulnerability to changes impacting the 
thermal environment of this lizard (Nowakowski et al., 2018). 
This, coupled with its microendemicity, habitat specificity, 
low dispersal capabilities, and high rates of dehydration (Lara-
Tufiño et al., 2013; Muñoz-Nolasco et al., 2019) suggest an 
elevated susceptibility for the species, in accordance with an 
assessment of extinction risk due to climate change previously 
conducted on Xenosauridae (Berriozabal-Islas et al., 2018). As 
thermoregulatory patterns might influence organismal response 
to climate change and even shift under different warming 
scenarios (Arenas-Moreno et al., 2021), it would be desirable 
to assess the potential of phenotypic plasticity in the thermal 
traits of these lizards. If confirmed, such plastic adjustments 
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could also help explain why some previous studies have found 
indications of active thermoregulation in Xenosaurus while 
others not (beyond methodological aspects). Whereas our study 
was limited in sample size and temporal spanning, the results 
are congruent with former research. Future studies should 
therefore look at describing more thoroughly the physiological 
ecology of knob-scaled lizards and determining the existence of 
active thermoregulation in other species of the genus.

Acknowledgments.— We thank to the Posgrado en Ciencias 
Biológicas of the UNAM and the Consejo Nacional de Ciencia y 
Tecnología (CONACYT) for postgraduate scholarships granted 
to FJMN (775920), DMAM (412744), DABB (389135), and ABD 
(1148030). We thank to Alejandro Galí and Dalila Hernández for 
their hospitality and help during our stay at Xilitla, to Edgar 
Ramón Gómez-Vega for clarifying the vegetation type at the 
study site, and to Guillermo A. Woolrich-Piña for providing us 
with pertinent literature on Xenosauridae. 

This research was funded by the Programa de Apoyo a Proyectos 
de Investigación e Innovación Tecnológica of the UNAM (PAPIIT; 
IN 210116). Organisms were collected under permit numbers 
SGPA/DGVS/01629/16 and SGPA/DGVS/01205/17 granted 
to Fausto R. Méndez de la Cruz by the Secretaría de Medio 
Ambiente y Recursos Naturales (SEMARNAT). 

CITED LITERATURE 

Arenas-Moreno, D.M., R.A. Lara-Reséndiz, S.F. Domínguez-
Guerrero, A.G. Pérez-Delgadillo, F.J. Muñoz-Nolasco, P. Galina-
Tessaro & F.R. Méndez-de la Cruz. 2021. Thermoregulatory 
strategies of three reclusive lizards (genus Xantusia) from the 
Baja California peninsula, Mexico, under current and future 
microenvironmental temperatures. Journal of Experimental 
Zoology Part A 335:499-511. 

Arenas-Moreno, D.M., R. Santos-Bibiano, F.J. Muñoz-Nolasco, 
P. Charruau & F.R. Méndez-de la Cruz. 2018. Thermal ecology 
and activity patterns of six species of tropical night lizards 
(Squamata: Xantusiidae: Lepidophyma) from Mexico. Journal of 
Thermal Biology 75:97-105. 

Bakken, G.S. 1992. Measurement and application of operative and 
standard operative temperatures in ecology. American Zoologist 
32:194-216. 

Berriozabal-Islas, C. 2018. Efecto del cambio climático sobre 
dos grupos de ectotermos: Testudines (tortugas género 
Kinosternon) y Squamata (lagartijas género Xenosaurus), basado 

en su conservadurismo del nicho climático y térmico. Tesis 
de Doctorado. Instituto de Ciencias Básicas e Ingeniería, 
Universidad Autónoma del Estado de Hidalgo. México. 

Berriozabal-Islas, C., J.F. Mota-Rodrigues, A. Ramírez-Bautista, J.L. 
Becerra-López & A. Nieto-Montes de Oca. 2018. Effect of climate 
change in lizards of the genus Xenosaurus (Xenosauridae) based 
on projected changes in climatic suitability and climatic niche 
conservatism. Ecology & Evolution 8:6860-6871. 

Blouin-Demers, G. & P.J. Weatherhead. 2001. Thermal ecology 
of black rat snakes (Elaphe obsoleta) in a thermally challenging 
environment. Ecology 82:3025-3043. 

Cardona-Botero, V., G.A. Woolrich-Piña & H. Gadsden. 2019. 
Ecología térmica de dos especies de lagartijas del género 
Xenosaurus (Squamata: Xenosauridae) en México. Revista 
Mexicana de Biodiversidad 90:e902650. 

Carothers, J.H., S.F. Fox, P.A. Marquet & F.M. Jaksic. 1997. Thermal 
characteristics of ten Andean lizards of the genus Liolaemus in 
central Chile. Revista Chilena de Historia Natural 70:297-309. 

Caetano, G.H., J.C. Santos, L.B. Godinho, V.H.G.L. Cavalcante, 
L.M. Diele-Viegas, P.H. Campelo, L.F. Martins, A.F.S. Oliveira, 
J.M. Alvarenga, H.C. Wiederhecker, V. de Novaes e Silva, F.P. 
Werneck, D.B. Miles, G.R. Colli & B.R. Sinervo. (2020). Time of 
activity is a better predictor of the distribution of a tropical lizard 
than pure environmental temperatures. Oikos 129:953-963. 

Camacho, A., Rusch, T., Ray, G., Telemeco, R.S., Trefaut Rodrigues, 
M. & Angilletta, M.J. (2018). Measuring behavioral thermal 
tolerance to address hot topics in ecology, evolution, and 
conservation. Journal of Thermal Biology 73:71-79. 

Clusella-Trullas, S. & L.C. Steven. 2014. Lizard thermal trait variation 
at multiple scales: a review. Journal of Comparative Physiology B 
184:5-21. 

DOF (Diario Oficial de la Federación). 2010. Norma Oficial Mexicana 
NOM-059-Semarnat-2010, Protección ambiental de especies 
nativas de México de flora y fauna silvestre categorías de riesgo 
y especificaciones para su inclusión exclusión o cambio. Diario 
Oficial. Second edition. 30 December 2010, Mexico City, Mexico. 

DOF (Diario Oficial de la Federación). 2019. Modificación del Anexo 
Normativo III, Lista de especies en riesgo de la Norma Oficial 
Mexicana NOM-059-Semarnat-2010, Protección ambiental de 
especies nativas de México de flora y fauna silvestre categorías 



REVISTA LATINOAMERICANA DE HERPETOLOGÍA Vol.05 No.02 / Abril-Junio 2022 - 140 - 

Muñoz-Nolasco et al.- Thermoregulation in Xenosarurus newmanorum 

de riesgo y especificaciones para su inclusión exclusión o cambio, 
publicada el 30 de diciembre de 2010. Mexico City, Mexico. 

Dreisig, H. 1984. Control of body temperature in shuttling 
ectotherms. Journal of Thermal Biology 9:229-233. 

Dzialowski, E.M. 2005. Use of operative temperature and standard 
operative temperature models in thermal biology. Journal of 
Thermal Biology 30:317-334. 

Fick, S.E. & R.J. Hijmans. 2017. Worldclim 2: new 1-km spatial 
resolution climate surfaces for global land areas. International 
Journal of Climatology. Available at http://worldclim.org/
version2 

García-Padilla, E., D.L. DeSantis, A. Rocha, V. Mata-Silva, J.D. 
Johnson & L.D. Wilson. 2020. Conserving the Mesoamerican 
herpetofauna: the most critical case of the priority level one 
endemic species. Amphibian & Reptile Conservation 14:73-132. 

García-Rico, J., A. Díaz de la Vega-Pérez, G.R. Smith, J.A. Lemos-
Espinal & G.A. Woolrich-Piña. 2015. Thermal ecology, sexual 
dimorphism, and diet of Xenosaurus tzacualtipantecus from 
Hidalgo, Mexico. Western North American Naturalist 75:209-217. 

Grigg, J.W. & L.B. Buckley. 2013. Conservatism of lizard thermal 
tolerances and body temperatures across evolutionary history 
and geography. Biology Letters 9:20121056. 

Hertz, P.E., R.B. Huey & R.D. Stevenson. 1993. Evaluating 
temperature regulation by field-active ectotherms: the fallacy of 
the inappropriate question. American Naturalist 142:796-818. 

Huey, R.B. & M. Slatkin. 1976. Cost and benefits of lizard 
thermoregulation. The Quarterly Review of Biology 51:363-384. 

Kaufmann, J.S. & A.F. Bennett. 1989. The effect of temperature 
and thermal acclimation on locomotor performance in Xantusia 
vigilis, the desert night lizard. Physiological Zoology 62:1047-
1058. 

Lara-Tufiño, J.D., A. Ramírez-Bautista, R. Hernández-Austria, L.D. 
Wilson & C. Berriozabal-Islas. 2013. Xenosaurus newmanorum 
Taylor, 1949 (Squamata: Xenosauridae): occurrence in the state of 
Hidalgo, Mexico. Check List 9:1101-1103. 

Lara-Resendiz, R.A., D.M. Arenas-Moreno & F.R. Méndez-de la 
Cruz. 2013. Termorregulación diurna y nocturna de la lagartija 
Phyllodactylus bordai (Gekkota: Phyllodactylidae) en una región 

semiárida del centro de México. Revista Chilena de Historia 
Natural 86:127-135. 

Lavin, P. & F. Mendoza-Quijano. 2007. Xenosaurus newmanorum. The 
IUCN Red List of Threatened Species 2007:e.T64370A12774993.  
https://www.iucnredlist.org/es/species/64370/12774993.

Lemos-Espinal, J.A., G.R. Smith & G.A. Woolrich-Piña. 2012. The 
family Xenosauridae in Mexico. Ecopublishing Herpetological 
Publishing, Rodeo, New Mexico, USA. 

Lemos-Espinal, J.A., G.R. Smith & R.E. Ballinger. 1996. Natural 
history of the Mexican knob-scaled lizard, Xenosaurus rectocollaris. 
Herpetological Natural History 4:151-154. 

Lemos-Espinal, J.A., G.R. Smith & R.E. Ballinger. 1998. Thermal 
ecology of the crevice-dwelling lizard, Xenosaurus newmanorum. 
Journal of Herpetology 32:144-150. 

Lemos-Espinal, J.A., G.R. Smith & R.E. Ballinger. 2004. Aspects of 
the ecology of a distinct population of Xenosaurus platyceps from 
Quéretaro, México. Amphibia-Reptilia 25:204-21. 

Lemos-Espinal, J.A. & G.R. Smith. 2005. Natural history of 
Xenosaurus phalaroanthereon (Squamata, Xenosauridae), a Knob-
scaled Lizard from Oaxaca, Mexico. Phyllomedusa 4:133-137. 

Muñoz-Nolasco, F.J., D.M. Arenas-Moreno, R. Santos-Bibiano, 
A. Bautista-del Moral, F.J. Gandarilla-Aizpuro, D.A. Brindis-
Badillo & F.R. Méndez-de la Cruz. 2019. Evaporative water loss of 
some habitat-restricted Mexican lizard species. Herpetological 
Conservation and Biology, 14:51–66.  

Nieto-Montes de Oca, A., A.J. Barley, R.N. Meza-Lázaro, U.O. 
García-Vázquez, J.G. Zamora-Abrego, R.C. Thomson & A. Leaché. 
2017. Phylogenomics and species delimitation in the knob-scaled 
lizards of the genus Xenosaurus (Squamata: Xenosauridae) using 
ddRADseq data reveal a substantial underestimation of diversity. 
Molecular Phylogenetics & Evolution 106:241-253. 

Nowakowski, A.J., J.I. Watling, M.E. Thompson, G.A. Brusch IV, 
A. Catenazzi, S.M. Whitfield, D.J. Kurz, A. Suárez-Mayorga, A. 
Aponte-Gutiérrez, M.A. Donnelly & B.D. Todd. 2018. Thermal 
biology mediates responses of amphibians and reptiles to habitat 
modification. Ecology Letters 21:345-355. 

Taylor, E.N., L.M. Diele‐Viegas, E.J. Gangloff, J.M. Hall, B. Halpern, 
M.D. Massey, D. Rödder, N. Rollinson, S. Spears, B.-J. Sun & R.S. 
Telemeco. 2021. The thermal ecology and physiology of reptiles 



REVISTA LATINOAMERICANA DE HERPETOLOGÍA Vol.05 No.02 / Abril-Junio 2022 - 141 - 

Muñoz-Nolasco et al.- Thermoregulation in Xenosarurus newmanorum 

and amphibians: a user's guide. Journal of Experimental Zoology 
A 335:13-44. 

Vitt, L.J., & J.P. Caldwell. 2014. Herpetology. An introductory biology 
of amphibians and reptiles, 4th edition. Academic Press, San 
Diego, California, USA. 

Wilson, L.D., V. Mata-Silva & Johnson, J.D. 2013. A conservation 
reassessment of the reptiles of Mexico based on the EVS measure. 
Amphibian & Reptile Conservation 7:1-47. 

Woolrich-Piña, G.A., J.A. Lemos-Espinal, L. Oliver-López, M.E. 
Calderón Méndez, J.E. González-Espinoza, F. Correa-Sánchez & 
R. Montoya Ayala. 2006. Ecología térmica de una población de la 
lagartija Sceloporus grammicus (Iguanidae: Phrynosomatinae) que 
ocurre en la zona centro-oriente de la Ciudad de México. Acta 

Zoológica Mexicana 22:137-150. 

Woolrich-Piña, G.A., J.A. Lemos-Espinal, L. Oliver-López & G.R. 
Smith. 2012. Ecology of Xenosaurus rectocollaris in Tehuacan Valley, 
Puebla, Mexico. The Southwestern Naturalist 57:157-161. 

Woolrich-Piña, G.A., G.R. Smith, J.A. Lemos-Espinal, S. Márquez-
Guerra, A. Alvarado-Hernández & J.C. García-Montiel. 2020. 
Ecology of Xenosaurus fractus (Squamata: Xenosauridae) from 
Sierra Nororiental, Puebla, Mexico. Current Herpetology 39:1-12.  

Zamora-Abrego, J.G. & A.M. Ortega-León. 2016. Ecología trófica de 
la lagartija Xenosaurus mendozai (Squamata: Xenosauridae) en el 
estado de Querétaro, México. Revista Mexicana de Biodiversidad 
87:140-149.


